A 73-year-old woman was referred to our hospital due to epigastralgia and jaundice. The radiological findings showed a stone-like tumor in the extrahepatic bile duct. The patient was initially thought to have adenocarcinoma of the bile duct based on the findings of a pathological examination of the bile duct biopsy specimen and underwent pancreaticoduodenectomy; the final diagnosis of the lesion was so-called carcinosarcoma of the extrahepatic bile duct. She died of liver metastasis six months after the surgery. This case suggests that surgical resection is not adequate for achieving a radical cure, and the optimal treatment for extrahepatic bile duct carcinosarcoma should be established immediately.
Introduction
Carcinosarcoma of the biliary tract is a very rare malignant neoplasm characterized by the presence of both carcinomatous and sarcomatous components that intermingle. To date, only five such cases have been reported in the literature worldwide (1) (2) (3) (4) (5) . Although the histogenesis of these biliary tract malignancies remains the subject of much debate due to their rarity, it is possible to subdivide them into two groups: one group exhibiting apparent carcinomatous and sarcomatous differentiation, called true carcinosarcoma, and one group presenting with both carcinomatous and sarcomatous components that undergo a transition between the two types of cells, known as so-called carcinosarcoma (3) .
We herein present a rare case of so-called carcinosarcoma of the extrahepatic bile duct and discuss the features of this tumor in six reported cases, including the current case.
Case Report
A 73-year-old woman presented with epigastralgia and jaundice. She had previously undergone cholecystectomy for cholecystolithiasis approximately 10 years earlier. Biochemical tests performed at that time showed elevated bilirubin, transaminase and alkaline phosphatase levels (Table 1) . A plain computed tomography (CT) scan revealed bilateral intrahepatic bile duct dilatation, while magnetic resonance cholangiopancreatography (MRCP) and endoscopic retrograde cholangiography (ERC) disclosed a 25×14-mm ovalshaped filling defect in the extrahepatic bile duct ( Fig. 1 ) that appeared to be the result of a bile duct stone. However, the detection of high-intensity signals on diffusion-weighted magnetic resonance imaging (DWI) suggested the possibility of a malignant tumor ( Fig. 2A) , and enhanced CT demonstrated a high-density mass ( Fig. 2B , C). Based on these imaging findings, we suspected the lesion to be bile duct cancer. After the patient recovered from the obstructive jaundice with endoscopic retrograde biliary drainage, we performed a endoscopic retrograde forceps biopsy, which showed that the tumor had rapidly become enlarged (30×15 mm). The biopsy specimen exhibited circular and spindle cells similar to that seen in poorly differentiated adenocarcinoma. Consequently, the patient underwent subtotal stomach-preserving pancreaticoduodenectomy approximately one month after the first ERC procedure. A gross examination of the resected specimen revealed a nodular and polypoid tumor located in the extrahepatic bile duct measuring 6.5×3.5 cm in size ( Fig. 3) . Histologically, the tumor displayed a biphasic pattern of carcinomatous and sarcomatous elements. Most of the tumor was composed of spindle cells, with the remainder consisting of glandular cells; the carcinomatous areas were surrounded by the sarcomatous areas ( Fig. 4 ). On an immunohistological examination, some of the sarcomatous areas were positive for epithelial markers, such as keratins (AE1/AE3), in addition to the carcinomatous areas ( Fig. 5 ) (Table 2 ). Furthermore, the sarcomatous areas included no mesenchymal elements, such as cartilage, bone or skeletal muscle. The carcinomatous and sarcomatous elements were obviously intermingled in the tumor, with apparent morphological transition between the two components, known as the epithelial-mesenchymal transition (EMT).
These histological findings indicated a diagnosis of socalled carcinosarcoma of the extrahepatic bile duct. Three months later, follow-up CT confirmed the presence of large liver metastases of the carcinosarcoma (Fig. 6 ). The disease progressed rapidly, and the patient died six months after receiving surgical treatment.
Discussion
We herein reported an extremely rare case of carcinosarcoma of the extrahepatic bile duct. Carcinosarcoma itself is a very rare lesion of the hepatobiliary pancreatic system. To our knowledge, only five cases of carcinosarcoma of the extrahepatic bile duct have been reported to date (1) (2) (3) (4) (5) . Carcinosarcoma is described as a malignant tumor composed of both epithelial and mesenchymal elements intermingled with each other. Carcinosarcoma lesions are most frequently reported in the female genital system, lungs, kidneys, bladder and gastrointestinal tract (6) .
Carcinosarcomas are divided into true and so-called entities. True carcinosarcomas exhibit apparent differentiation, such as rhabdoid, osteoid or chondroid differentiation. A recent immunohistochemical and ultrastructural study showed immunoreactivity to epithelial markers and intercellular junctions in the sarcomatous component in the majority of carcinosarcomas of the aerodigestive organs, known as socalled carcinosarcomas (3, 7) . The exact histogenesis of carcinosarcomas has not been clearly elucidated. To date, two opposing theories have been hypothesized to explain the ori-gin of these morphologically diverse tumors. The multiclonal theory (convergence hypothesis) regards a carcinosarcoma as being a collision tumor composed of the derivatives of two or more stem cells of separate epithelial and mesenchymal origin. In contrast, the monoclonal theory (divergent hypothesis) proposes that the carcinomatous and sarcomatous elements are derived from a single pluripotent stem cell that subsequently undergoes divergent differentiation along separate epithelial and mesenchymal pathways (8, 9) . The histogenesis of carcinosarcoma remains controversial, although the results of recent immunohistochemical, ultrastructural and genetic engineering studies support the monoclonal theory (6, 9, 10) . Polypoid growth and ossification in the tumor have also been reported to be typical characteristics of the gross and radiographic findings of carcinosarcoma (1, 6) . In the present case, polypoid growth was observed; however, no findings of ossification were noted on CT. There is often no ossification in so-called carcinosarcomas, as these lesions do not always exhibit apparent differentiation to mesenchymal tissue. The radiographic features observed in the current patient, including an oval-shaped filling defect on ERC due to polypoid growth, are consistent with those of choledochal stones, although there were no signs of ossification. In addition, the patient's past history of cholecystolithiasis and symptoms such as epigastralgia and jaundice may have been associated with the choledocholithiasis. Few cases involving a preoperative diagnosis of chole- 1, 3) . In the present case, with respect to distinguishing the disease from choledocholithiasis, it was helpful that the tumor displayed high intensity on DWI MRI images. Obtaining a diagnosis of carcino-sarcoma prior to resection is difficult. Endoscopic retrograde forceps biopsies often identify only the epithelial component of the tumor. If the specimens fortunately reveal both the epithelial and mesenchymal components, the lesion is diagnosed as carcinosarcoma. There are no previous cases in which an exact preoperative diagnosis of carcinosarcoma in the extrahepatic bile duct was made (1) (2) (3) (4) (5) . In the present case, retrospectively, it may have been possible to diagnose the tumor as carcinosarcoma based on the specimens for the bile duct biopsy, which showed spindle cells. However, even if we had been able to diagnose the tumor as carcinosarcoma, the patient would have received the same surgical treatment, as the best treatment option for extrahepatic bile duct carcinosarcoma is currently surgical excision.
In the previous five cases and present case, the carcinosarcomas of the extrahepatic bile duct showed various features (Table 3 ). There are three characteristic findings in these six cases. First, the patients usually presented with abdominal pain or jaundice. Second, the lesions were located in the middle or lower bile duct. Finally, the prognosis of so-called carcinosarcoma was inferior to that of true carcinosarcoma. Due to the limited number of cases, it is difficult to entirely clarify the features of carcinosarcoma of the extrahepatic bile duct. In the Japanese literature in particular, carcinosarcoma of the extrahepatic bile duct has been reported in more than 10 cases (11) , which suggests that Asians more easily suffer from this disease than other races. Further case accumulation is required to investigate this issue.
The prognosis of patients with carcinosarcoma of the extrahepatic bile duct remains uncertain. Generally, carcinosarcomas tend to metastasize systemically and exhibit an aggressive form of malignancy, even in early stages (12) . The present patient died of tumor recurrence six months after undergoing surgery. This outcome suggests that surgical resection is not adequate for achieving a radical cure. However, the only currently recognized treatment for carcinosarcoma is surgery, and there are no previous reports of effective chemotherapy or radiotherapy, irrespective of the affected organ. Therefore, the development of other treatment strategies for carcinosarcoma is required, and the optimal treatment for extrahepatic bile duct carcinosarcoma should be established immediately.
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